P atient-reported outcome instruments (PROIs) have become the gold standard with which to measure clinical effectiveness following a medical or surgical intervention for a given disease. 1, 2 Within orthopedic surgery, PROIs have been increasingly utilized to assess efficacy following surgery, thereby replacing more conventional radiographic metrics. Porter 3 previously described the necessity of these outcomes and stated, ''There is no substitute for measuring actual outcomes, whose principal purpose is not comparing providers but enabling innovations in care. Without such a feedback loop, providers lack the requisite information for learning and improving. '' Prior studies have investigated the use of PROIs. However, the breadth of PROIs in spine surgery and patterns in their use have yet to be evaluated. 4 The purpose of this study was to determine frequency, trends, and methods of utilization of spine-related PROIs in the last decade. We hypothesized that PROIs have been increasingly utilized in the last decade, but there is still no consensus or standardization as to which PROIs ought to be employed in spine patients for a given condition or treatment.
MATERIALS AND METHODS
A retrospective review was conducted of all abstracts in 5 orthopedic journals that publish spine articles (The Journal of Bone and Joint Surgery, The Bone and Joint Journal, Spine, The Spine Journal, and The European Spine Journal) from January 2004 to December 2013. Journals were chosen on the basis of impact factor and a track record of publishing relevant, high-quality spine research. Abstracts investigating a spinal surgical intervention were perused for the use of at least 1 PROI. The full article was reviewed if the abstract did not explicitly state the use of PROIs but made reference to possible inclusion of such measures. All articles containing PROIs and investigating an operative spinal intervention with a level of evidence (LOE) 1 to 4 were included in the study analysis. 5 Article title, LOE, journal, and chosen PROIs were recorded for selected articles. All articles were categorized according to 1 of 8 general spinal diagnoses. For example, an article about surgical treatment of cervical spondylotic myelopathy was categorized under the general diagnosis of degenerative cervical.
The frequency of the top 6 PROIs was determined by year. Overall LOE distribution was determined for all articles and for each study journal. General diagnosis frequency was also determined. Linear regression analyses were performed, with year as the independent variable and PROI use as the dependent, or response variable, to determine trends in use of the top 3 PROIs by year. A P value of less than 0.05 indicated a significant change in utilization of the PROI over time.
RESULTS
From January 2004 to December 2013, there were a total of 19,736 articles published in the journals chosen for the current study. A further analysis of the abstracts and articles identified a total of 1,079 articles that made use of PROIs. Overall, there was a steady increase in the number of articles published from 2004 to 2013 (Figure 1 ). Of the journals queried, Spine had the most spine-related PROI studies with a total of 474 articles, followed by the European Spine Journal (Figure 2) . The Bone and Joint Journal, formerly known as the Journal of Bone and Joint Surgery British Volume, had the fewest spine-related PROI studies (n ¼ 47).
Studies using PROIs were most frequently LOE 4, which comprised 32.7% of studies in our analysis ( Figure 3 ). Only 15.0% of the articles identified were LOE 1. When LOE was stratified by journal, Spine had the greatest number of LOE 1, LOE 2, LOE 3, and LOE 4 studies (Figure 4 ). The LOE distributions were similar across the 5 journals.
There were 206 distinct PROIs identified in the articles included in our study (Table 1) . From the 206 unique scales, 136 scales were standard, named instruments [eg, Oswestry Disability Index (ODI), visual analog scale (VAS)], while others were improvised scales referred to simply as ''global outcome scales'' or ''physician-patient assessments'' of surgical intervention success. Of the formally named instruments, 34 were used 5 or more times. The top 6 PROIs as a percentage of total articles included in the study were, in descending order of prevalence, (1) VAS (2), ODI (3), Short Form-36 (SF-36), (4) Japanese Orthopaedic Association (JOA) questionnaire, (5) Neck Disability Index (NDI), and (6) Scoliosis Research Society-22 (SRS-22) ( Figure 5 ). Linear regression analyses revealed significant increases in the use of VAS (P ¼ 0.0008) and ODI (P ¼ 0.0073) over the past 10 years ( Figure 6 ). The trend for SF-36 utilization by year was not statistically significant. Of the 1,079 articles included in the study, most addressed degenerative thoracolumbar diagnosis (48.9%), followed by degenerative cervical conditions (22.6%) (Figure 7 ).
DISCUSSION
Progress in health care delivery is dependent, at least in part, on better and consistent measures of patient-oriented outcomes, as explained by Porter. 3 It is essential that the spine research community coordinates the use of PROIs so that the outcomes data generated through research can be interpreted and compared across studies. This is fundamental to the practice of evidence-based medicine and cost-effective care delivery. We conducted a bibliometric analysis of 5 orthopedic journals to determine the trends in PROI use in spine surgery over the past 10 years, the most frequently used instruments, and the broad range of PROIs currently in use. Our results are intended to form the basis of a much needed guide on PROI selection and reporting. We hypothesized that PROI use increased over the past 10 years, but that consensus and standardization were lacking.
Our finding of 206 unique PROIs among 1,079 studies reflects a lack of standardization in PROI use in spine surgery. In addition, the need for standards in PROI use was evident from the errors and inconsistencies of PROI score reporting, such as missing preoperative and postoperative mean scores, failure to report instrument versions, and modification of standard instruments without validation. The top 6 most frequently used PROIs were VAS, ODI, SF-36, JOA, NDI, and SRS-22 in order of decreasing frequency. Despite the frequent use of the ODI, the version is often not reported. Investigators and journal editors should, therefore, be mindful that the original author of the ODI encourages the use of the ODIv2.1a, which includes improvements over the original wording to simplify translation into other languages. 6, 7 SF-36 was the only general health status scale among the top 6 PROI and the only 1 that can be translated into quality-adjusted life year (QALY) data for cost-effectiveness studies. As the field of spine surgery moves to provide interventions on the basis of quality cost-effective outcomes, more general health status PROIs such as the SF-36, SF-6D, EQ-5D, or Health Utilities Index (HUI) need to be utilized. 8 Although many validated PROIs are available, many investigators improvised their own scales (70 unique PROIs), limiting the use of their findings to that isolated study. The quality of evidence of the studies included was most frequently LOE 4 (32.7%), while LOE 1 (15.0%) was least frequent. Trends over the past 10 years showed an overall increase in PROI use and a significant increase in VAS and ODI but not SF-36 use. In addition, there was a decrease in the percentage of studies of degenerative thoracolumbar diseases and a slight increase in degenerative cervical studies.
Studies by Porter 3 and Rihn et al 8 underscore the importance of measuring outcomes with PROIs in health care delivery. Hundreds of PROIs were introduced over the past 25 years, which not only provides a large toolset for investigators but also makes the choice of a PROI unclear. 9 Important considerations for choosing a PROI include its validity, relevance to the specific study population, sensitivity to change, and frequency of use.
Trends and frequency of use of PROIs have been studied in orthopedic surgery previously. Hunt et al 4 conducted a comprehensive review of PROIs used in foot and ankle research after which our study is modeled. Reviews of PROI in spine surgery have been attempted for low back pain (LBP) and adult spinal deformity (ASD) as well. Our method of reviewing the literature was similar to that of Bridwell et al, 15 which focused on 2 journals, Spine and Journal of Bone & Joint Surgery. We reviewed these journals and 3 additional journals to achieve a broader scope. By contrast, Zanoli et al 10 and Yadla et al 16 performed systematic reviews of Medline and PubMed. They focused on specific populations-LBP and ASD patientswhile our scope encompasses all spine surgery populations. Muller et al 11 performed a comprehensive literature review, although the search criteria were not reported. At 1,079 PROI studies, our review is by far the largest sample among the reviews mentioned. Zanoli et al 10 identified 600 PROI studies in LBP, Bridwell et al 15 identified 18 studies in ASD, and Yadla et al 16 identified 49 studies in ASD. To our knowledge, this is the first review in spine surgery to measure the frequency of use of the top PROIs. Muller et al 11 reported the frequency of use of only conditionspecific PROIs. Both studies identify ODI and RMDQ as the most frequent of the condition-specific PROIs. The ODI was used 414 times in our study versus 117 in the study by Muller et al, 11 indicating that our approach of reviewing 5 journals successfully captured a large cross-section of the relevant research. For RMDQ and the other instruments, our review identified fewer studies. The differences in frequency may be attributed to (1) the study by Muller et al, 11 considering all literature not exclusively surgical outcomes research as in our study, and (2) the study by Muller et al, 11 not excluding validation studies and translations of instruments, which we excluded. Zanoli et al 10 measured the range of PROIs utilized in LBP, which accounts for the largest share of all spine surgery studies, to be 90 PROIs. We identified 206 PROIs, which is an expected increase from Zanoli's count considering the growth in interest in PROIs over the past 15 years and introduction of numerous new PROIs.
For over 15 years, the orthopedic and spine surgery communities have acknowledged the need for better coordination of PROI use. Experts have approached this in 3 main ways: by reviewing the psychometric properties-validity, reliability, and internal consistency-of top PROIs to better inform investigators, 9, 12, 17, 18 by developing conversion equations to translate outcome data from 1 PROI scale to another, [19] [20] [21] [22] [23] and by identifying core outcome domains to guide PROI selection. 24, 25 The latter serves as a platform for the development of a standard PROI or a set of PROIs for a given population within spine surgery. Deyo et al 24 published the only study to recommend specific PROIs for measuring the core outcome domains. However, this study is over 15 years old, it focuses exclusively on LBP outcomes measurement, and the committee of experts was composed of primary care physicians rather than surgeons. writing, ''Ideally, a core set of validated patient-reported outcome instruments should be used in orthopaedic research.'' A core set of instruments is distinct from a core set of domains, as the latter still leaves many choices to the investigator while the former enables standard application of PROIs. Each of the aforementioned approaches to improve PROI selection and use is important, but we believe the greatest need is for studies such as that by Deyo et al 24 that identify a specific set of PROIs to be used in a given population. These will initiate true standardization measures that can be acted upon in the near term by investigators and improved upon in the long term by future consensus committees. We recommend the following steps for the spine surgery community to reach consensus on PROI use. A committee composed of spine journal editors, prolific PROI investigators, and authorities on the top 6 PROIs identified in this study should be convened. An excellent model for conducting the consensus committee is the IMMPACT study of outcome measures for chronic pain by Dworkin et al.
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Additional lessons may be gleaned from consensus committees on hip fracture by Haywood et al 28 and LBP by Deyo et al. 24 As a starting point, the top 6 PROIs identified in this study may be considered and compared against a core set of domains. For spine surgery, core outcome domains have been defined by several authors and these are largely in agreement. 11, 24, 29 Muller et al 11 submit that ''a full evaluation is recommended to include a condition-specific disability measure, a general health measure, a pain measure, a satisfaction measure, and a measure of employment.'' Furthermore, the WHO ICF may be a key reference for core domains. The objective of the consensus committee will be to propose a standard set of PROIs to be used uniformly across all high-quality spine surgery research.
Ideally, the recommendations would be mindful of administrative burden, accommodate supplementary PROI use, and incorporate different disease-specific instruments for the 8 different general diagnosis groups identified in this study. The committee will also highlight any deficiencies of the PROIs it recommends (eg, lack of validation studies, sensitivity, or normative data) and recommend corrective measures. It will be as important to establish minimum standards of reporting PROI data as it is to establish standard PROI sets. Our research indicates that minimum standards of reporting should include (1) accurate PROI version reporting, and (2) reporting of mean preoperative and postoperative scores; and the minimum standards should prohibit (1) retrospective pre/post studies, and (2) modification of standard instruments. Finally, the committee should plan to update the document periodically.
The strength of this study is its broad scope, and that it is the first study to measure the frequency of use of PROIs in spine surgery. However, there are several limitations to the present study. The main one is that we did not search neurosurgical journals. However, Spine and the Spine Journal reach both orthopedic and neurosurgical audience. Our intent was a select sampling, not a comprehensive review, of the existing literature, and we believe inclusion of more journals and articles may not have substantially altered the main conclusions of the study. Further, this is a retrospective review of spine-related PROIs and does not necessarily provide specific solutions to the problems identified. We hope that the present investigation will serve as a springboard to further discussion and consensus building among interested parties and stakeholders.
CONCLUSION
Currently, the field of spine surgery has little consensus on PROIs. With the plethora of instruments available, researchers have many options but few guidelines that address which PROIs to utilize for their particular study. A committee of spine surgeons choosing or creating relevant PROIs to be utilized in spine surgery research may be warranted. As health care changes rapidly, spine surgery, such as other medical or surgical fields, should make their highest priority delivery of value to the patients. This can only be achieved with reliable outcome measurements that provide the necessary feedback loop to strengthen evidence-based medicine and spark innovations in care.
Key Points
There are over 200 unique PROIs in spine surgery. The 6 most commonly used PROIs are the VAS, ODI, SF-36, JOA questionnaire, NDI, and SRS-22. There is no standardization or guideline as to which instrument ought to be utilized for a given spinal disease or treatment. A committee consisting of highly productive investigators, journal editors, and relevant authorities on outcomes research in spine surgery may be needed to build consensus and develop a core set of instruments.
